Sites of inhibition of mitochondrial electron transport by cadmium.
Cadmium is an extremely toxic environmental contaminant having a long half-life in humans. The greatest accumulation occurs in the liver and kidneys. Since mitochondria are the most sensitive targets, the effect of cadmium on the oxygen consumption and on the redox state of electron carriers of rat liver mitochondria has been evaluated. Cadmium markedly inhibits uncoupler-stimulated oxidation on various NADH-linked substrates as well as that of succinate. Experiments on specific segments of the respiratory chain showed that cadmium does not inhibit electron flow through cytochrome oxidase, whereas the inhibition of duroquinol oxidation clearly demonstrates an impairment of electron flow through site 2, the ubiquinone-b-cytochrome c1 complex. On the basis of the ability of N,N,N',N' tetramethyl-p-phenylendiamine and 2,6-dichlorophenolinindophenol bypasses to relieve the cadmium inhibition of succinate oxidation and on the spectroscopic behaviour of the cytochrome b, the inhibition was found to take place before cytochrome b and, more precisely, between ubisemiquinone and cytochrome bT. Furthermore, the finding that cadmium induces a more oxidized state of cytochrome b in state 1 demonstrates the existence of a second point in which it inhibits electron transfer. Spectroscopic evidence demonstrates that cadmium induces an oxidation of NAD(P)H in mitochondria in states 1 and 4 and prevents the reduction of mitochondrial NAD(P)+ by substrates, thus indicating that the site must be localized between NAD-linked substrates and respiratory chain.